In ungulates, intestinal absorption of maternal immunoglobulins from colostrum plays a vital role in the acquisition of passive immunity during early neonatal life. In the present study we used post-embedding colloidal gold labeling to examine the intracellular localization of IgG in the jejunal enterocytes of miniature piglets suckled for 2 hr. Quantitation of the immunolabeling revealed that the most sensitive technique for IgG detection was the streptavidin bridge-gold technique. In this method, the LR White-embedded sections were labeled sequentially with biotinylated anti-porcine IgG, streptavidin, and biotinylated BSA conjugated to 10-nm colloidal gold. With this approach, we found the following sequence of maternal IgG accumulation: passage of IgG from colostrum through the brush border; binding to the apical plasma membrane; uptake in noncoated pits and invaginations; transport in endocytotic vesicles; and accumulation in granules in the apical cytoplasm. 
Introduction
The transfer of maternal immunoglobulins to the offspring has significant immunological consequences; not only is passive immunity acquired in this manner (2, 33) but the components of the colostrum play a regulatory role in the development of the mucosal immune system and humoral immunity (21) . Whereas in some mammals (such as rodents and primates, including humans) maternal immunoglobulins are transported across the placenta into the fetal circulation, there is no placental transfer of immunoglobulins in pigs and other ungulates (2,24,33). In these animals maternal antibodies are absorbed by the small intestinal mucosa and transported into the circulation during the immediate post-partum period (2,24,33).
Various immunohistochemical and electron microscopic techniques have been used to show the accumulation of maternal immunoglobulins in the enterocytes of newbom piglets (24,26,29,37). The accumulation of immunoglobulins in the granules of jejunal and ileal enterocytes in suckled piglets has been shown using fluorescein-or peroxidase-conjugated anti-porcine immunoglob- ulin sera on paraffin sections (29,37). Kraehenbuhl and Campiche (24) injected rabbit anti-peroxidase antibodies into the jejunum of newborn non-suckled piglets, after which they incubated the fixed vibratome sections with peroxidase. In this way, these authors demonstrated the endocytotic uptake and vacuolar transport of rabbit immunoglobulins in porcine enterocytes. Leary and Lecce (26) used fluorescein-labeled porcine gamma globulin to show the uptake of protein in ileal enterocytes. However, none of the above studies used the approach described here of post-embedding colloidal gold methods to characterize the maternal immunoglobulin uptake.
We found that maternal immunoglobulins accumulate in granules of different sizes in the jejunal enterocytes in newborn piglets (23) . Our initial techniques with gold-conjugated secondary antibodies, however, failed to reveal the early steps of the IgG accumulative pathway. We therefore decided to use other colloidal gold techniques and found that a procedure first employed by Bonnar et al. ( 5 ) was a more sensitive method with which to demonstrate intracellular porcine IgG. In addition, we achieved a higher intensity of labeling compared with results with other techniques. This method, the streptavidin-biotin bridge-gold (SBBG) technique, involves three steps: (a) incubation with a biotinylated antibody; (b) use of streptavidin as a bridge reagent; and (c) detection of the antibody-streptavidin complex with a biotinylated protein conjugated to colloidal gold. A preliminary report of this investigation has been presented elsewhere (22) .
Materials and Methods
Chemicals. Glutaraldehyde, paraformaldehyde, and osmium tetroxide were purchased from Electron Microscopy Sciences (Fort Washington, PA); sodium cacodylate, uranyl acetate, LR White resin, 0.25% Formvar, 200-mesh hexagonal nickel grids were purchased from Polysciences (Warring ton, PA); Dulbecco's phosphate-buffered saline, Trizma, bovine serum albumin, biotinylated bovine serum albumin, cold-water fish skin gelatin, Tween 20, sodium chloride, trisodium citrate, glycerol, and sodium azide were obtained from Sigma (St Louis, MO); gold chloride from Baker (Phillipsburg, NJ); picric acid from Fisher Scientific (Pittsburgh, PA); and biotin-LC-bovine serum albumin was obtained from Pierce (Rockford, IL).
Immunoreagents. Rabbit anti-porcine IgG and biotin-labeled rabbit anti-porcine IgG were purchased from Sigma; rabbit anti-porcine IgG was also purchased from Cappel-Organon Teknika (Durham, NC); biotin-labeled goat anti-porcine IgG was obtained from FisherBiotech (Pittsburgh, PA) and from Jackson Immunoresearch Laboratories (West Grove, PA); and goat anti-rabbit IgG from Calbiochem (LaJolla, CA). Purified porcine IgG was purchased from Jackson Immunoresearch Laboratories. The antisera were stored in small aliquots at a concentration of 1 mglml at -2O'C. Aliquots were further diluted for immunolabeling; in most cases they were used at 100 pg/ml dilution.
Goat anti-rabbit IgG-Auio, rabbit anti-goat IgG-Aula, and goat antiporcine IgG-Aulr were purchased from E-Y Laboratories (San Mateo, CA).
The gold probes were tested for the presence of free antibodies (25) and none were detected. The following biotin binding proteins were used: extravidin and streptavidin (Sigma), avidin (E-Y Laboratories), sueptavidin (Calbiochem), and avidin D (Vector Laboratories; Burlingame CA).
Preparation of the Biotinylated BSA Coupled to Colloidal Gold. Gold particles (diameter 10 nm) were prepared according to De Mey (7). Biotinylated BSA (bBSA) was reconstituted in distilled water and desalted (12) on a pre-packed lODG desalting column from Bio-Rad (Richmond, CA) before adsorption to the gold colloid. The minimal protecting amount of the protein and the pH of the adsorption were determined as described by Geoghegan and Ackerman (13). The gold solution was centrifuged in a Beckman SW41 rotor for 45 min against a glycerol cushion to separate the bBSA-Aulo conjugates from the free protein. bBSA-Aula was pelleted into glycerol and diluted 1:l with 2 x PBS containing 0.1% NaN3 and 1% BSA and was stored at 4'C. After centrifugation the probe was free of aggregates and remained stable without any loss of reactivity for streptavidin for at least 3 months. Regular checking of the supernatant of the probe showed no presence of free bBSA, i.e., the protein did not dissociate from the gold particles. Although commercial bBSA obtained from either Sigma or Pierce resulted in good probes, the use of b-LC-BSA (Pierce) provided somewhat higher density of labeling, and it was therefore used throughout this study.
Nitrocellulose Dot Test of the SBBG Technique. We used bBSA dotted to nitrocellulose (0.45 pm pore size) to test the SBBG technique (6) using the Bio-Dot microfiltration apparatus (Bio-Rad Laboratories). The dotted protein was detected either with a streptavidin-alkaline phosphatase kit (Bio-Rad) or with streptavidin followed by bBSA-Auio. We found that suepmvidin and related biotin binding proteins from different manufacturers differ in their ability to serve as a bridge to bind more than one biotinyl residue. We therefore used streptavidin purchased from Calbiochem throughout the study. We also used this assay as a preliminary test to determine the proper dilutions of the reagents for immunodetection. Porcine IgG was dotted to nitrocellulose and detected with biotinylated anti-porcine IgG, streptavidin, and bBSA-Auio.
Tissue Collection and Processing. The HanfordlPitman-Moore miniature pigs used in this study were from Bastrop Farms (Bastrop, TX). Immediately after their birth the piglets were labeled, weighed, and returned to the sow to suckle for 2 hr. Newborn, never-suckled piglets were used as controls. Tissue samples were obtained after the piglets were anesthetized with an intramuscular injection of a mixture of ketamine (20 mg/kg body weight) and acepromazine (0.20 mg/kg); surgical anesthesia was induced with pentobarbital (10 mg/kg). Once deep anesthesia was achieved, the abdomen was opened and a portion of small intestine 15 cm distal to the ligament of Treitz was collected for the jejunal studies. The middle portion of the small intestine was collected for the ileal studies. After the tissues were collected, euthanasia was achieved by exsanguination. All animal procedures used in this study were reviewed and approved by the Animal Welfare Committee of Baylor College of Medicine. Tissue samples were fixed by immersion at room temperature in 2% paraformaldehyde and 1% glutaraldehyde, 0.2% picric acid buffered with 0.1 M sodium cacodylate, pH 7.20 (4) for 2 hr at room temperature, after which they were washed overnight in buffer. Tissues were post-fixed with 2% uranyl acetate in 50 mM sodium maleate buffer (4,lO) for 2 hr at 4°C dehydrated in ethanol, embedded in LR White, and polymerized at 60°C for 10 hr. Sections (80 nm) were obtained with an RMC MT-7 ultramicrotome using a diamond knife. Sections were collected on uncoated nickel grids.
Detection of Porcine IgG with Secondary Antibody Conjugated to Colloidal GoId. Nonspecific binding of the immunoreagents was prevented by incubating the grids on a drop of the following blocking buffer: 10 mM Trizma buffer (pH 7.40) containing 2 % bovine serum albumin (BSA), 0.5% cold-water fish skin gelatin, 0.1% Tween 20, and 500 mM sodium chloride for 30 min. In all of the subsequent steps this buffer was used to wash the grids or to dilute the antibodies and the gold reagents. The grids were then incubated with the primary antibody (rabbit anti-porcine IgG. 135 pglml) in a humid chamber for 60 min at room temperature, followed by washing five times for 5 min each. The antibodies bound to the sections were detected by goat anti-rabbit IgG-Aulo, 0~5 2 0 = 0.1, for 30 min. This step was followed by extensive washing, three times with the blocking buffer (5 min each), three times with TBS (10 mM Trizma, pH 7.40, containing 500 mM sodium chloride), and three times with distilled water.
In addition to the blocking buffer described above, we tested the following blocking buffers: 10 mM phosphate buffer (pH 7.40) containing 2% BSA, 0.5% cold-water fish skin gelatin, 0.1% Tween 20. and 500 mM sodium chloride; or 0.5% BSA, 0.01% Tween 20 in 10 mM phosphate buffer (containing 500 mM NaCI). No differences were found with any of the blocking buffers. However, all of the quantitative data presented in this work were obtained using the first blocking solution [IO mM Trizma buffer (pH 7.40) containing 2 % BSA. 0.5% cold-water fish skin gelatin, 0.1% Tween 20, and 500 mM NaCI].
The following controls were used: (a) omission of the primary antibody; (b) incubation with porcine IgG-absorbed primary antibodies; (c) incubation with the secondary immunoreagent (i.e., goat anti-rabbit IgG) not conjugated to colloidal gold before the incubation with the gold probe; and (d) use of a non-species-specific immunogold reagent (rabbit anti-goat IgG-Aulo) in lieu of the appropriate gold reagent Detection of Porcine IgG with Biotinylated Antibodies and Secondary Antibody-Gold Conjugates. The procedure was the same as that described above, except that we used biotinylated rabbit anti-porcine IgG as the first antibody, followed by goat anti-rabbit IgG-Auio. Direct, One-step Detection of Porcine IgG with Colloidal Gold. The procedure was the same as that described above except that we used the gold reagents (goat anti-porcine IgG-Aulr) immediately after the blocking step Detection of Porcine IgG with the Streptavidin-Biotin Bridge-Gold (SBBG) Technique. Nonspecific binding was prevented by incubating the grids on drop of a blocking buffer containing 0.5% BSA. 0.01% Tween 20, and 500 mM NaCl in 10 mM Eizma or phosphate buffer, pH 7.4, for 30 min. In all of the subsequent steps the blocking buffer was used for washing the grids or for the dilution of all of the reagents. The grids were then incubated with the primary antibody (biotinylated rabbit anti-porcine IgG, 100 wg/ml) in a humid chamber for 60 min at room temperature, after which they were washed five times for 5 min each. The grids were then exposed to streptavidin (75 pg/ml) for 30 min, followed by washing as described above. Streptavidin bound to the sections was detected by the bBSA-Aula reagent (OD120 = 0.2), for 30 min. This step was followed by extensive washing: three times with the blocking buffer ( 5 min each), three times with TBS or PBS ( 5 min each), and three times with distilled water. The choice of the buffer (10 mM phosphate or Trizma) did not have any effect on the intensity of labeling, but the composition of the blocking buffer appeared to be of crucial importance. The blocking buffer (10 mM Trizma buffer (pH 7.40) containing 2% bovine serum albumin (BSA), 0.5% cold-water fish skin gelatin, 0.1% Tween 20, and 500 mM sodium chloride) used for the quantitation of the direct or indirect immunogold methods resulting in no labeling at all. Therefore, all of the quantitative data for the SBBG method presented here were obtained using the first buffer described above (0.5% BSA, 0.01% Tween 20, and 500 mM NaCl in 10 mM phosphate buffer, pH 7.4).
The following controls were used: (a) incubation with no primary antibody; (b) incubation with the primary antibody pre-absorbed by porcine IgG, (c) incubation with no streptavidin; (d) incubation with no primary antibody and no streptavidin; (e) use of a different gold reagent (rabbit anti-goat IgG-Aulo); and (f) incubation with bBSA preceding the use of the bBS A-Au 10 reagent .
The immunolabeling sequences used in this study are summarized in Table 1 .
Electron Microscopy. After the LR White sections were immunolabeled, they were stained for 15 min in 2% osmium tetroxide (4) and then contrasted with lead citrate. The dried grids were coated with 0.25% Formvar to stabilize the sections (4). Sections were examined and photographed in a Philips CM12 electron microscope equipped with an LaB6 filament and operated at 60 kV.
Quantitation of Labeling Intensity. The density of the labeling (15) in each compartment was analyzed with Semper 6 Plus (Synoptics Ltd; Cambridge, UK) image analysis software. Scanning transmission electron microscopic images (80 kV, 3.5-nm spotsize, 50-nm condenser aperture, magnification x 100.000) were digitized with a Synergy framestore in slow scanning mode. The pixel size was calculated with the CMl2 internal scale factor. The areas of interest and the gold particles were marked by the cursor. A program using the Semper 6 Plus command language calculated the area of interest (A), the number of gold particles (N), and the density (D) of the labeling over the area of interest. The density (D) of the labeling was calculated as follows: D = N/A. All results are expressed as the number of gold particles over a 1-pm2 area. For each of the different compartments, 15 images each, equal to 2 pmZ, were analyzed. The BMDP2V program (9) was used for statistical analysis of the data.
Results

Maternal Immunoglobulin Localization with Immunogold Methods
A characteristic morphological feature of small intestinal enterocytes in suckling newbom piglets is the apical tubulovesicular membrane system (ATVMS). The use of the fixation and embedding protocol devised by Berryman and Rodewald (4) preserved the ATVMS in LR White-embedded samples better than other methods (Figure 1) . We identified the following components of the ATVMS in LR White-embedded sections of the jejunum of piglets suckled for 2 hr: invaginations of the plasma membrane, 0.1-0.25 pm wide and 0.2-1 pm deep, frequently containing a homogeneous material that is more electron dense than the cytoplasm; endocytotic vesicles 0.25-0.5 pm in diameter; small coated and non-coated vesicles, approximately 0.1 pm in diameter; and tubular vesicles, 0.05 pm in diameter which can be as long as 2 pm. Beneath the ATVMS in the apical cytoplasm, we observed electron-dense granules whose sizes ranged from 0.5-4 pm in diameter. Neither the invaginations of the plasma membrane nor the endocytotic vesicles had a clathrinlike coat.
Post-embedding immunolabeling with rabbit anti-porcine IgG and goat anti-rabbit IgG-Aulo revealed that these granules contained porcine IgG (Figure 1 ). The distribution of gold particles over the granules was not even; in the same granule, regions of high gold density were separated by areas of little or no gold label. In addition to the granules, some endocytotic vesicles were labeled ( Figure 1 ). Because there is no placental transfer of immunoglobulins in newborn pigs and the production of endogenous immunoglobulins starts only about 2 weeks after birth, these immunoglobulins must have originated from colostrum. On occasion, when the content of the intestinal lumen was seen on the immunolabeled sections it was also labeled for immunoglobulins. Only a low level of labeling was observed over the brush-border region (Figure 1) . No labeling was seen over the tubular vesicles and plasma membrane invaginations, whereas endocytotic vesicles contained porcine IgG (Figure 1 ). In newborn, never-suckled piglets, neither the brush border nor any intracellular organelles were found to contain immunoglobulins. The goblet cells in the mucosa did not label for porcine IgG. All of the different controls resulted only in very low nonspecific labeling.
Comparison of the Labeling Intensities of Various Colloidal Gold Techniques in the Detection of Porcine IgG
To obtain the best resolution of the early steps of maternal IgG uptake by enterocytes, we decided to quantitate various immunolabeling protocols (Table 1) . We quantitated the labeling intensities of these protocols over the luminal content. At 2 hr of age there is very little digestion in the stomach of a piglet; therefore, the luminal content in the jejunum is similar to colostrum. The labeling conditions were optimized by selecting those concentrations of the different reagents that gave maximal intensity of labeling without increasing the nonspecific background staining. The data from this analysis are summarized in Table 1. A one-step, direct post-embedding colloidal gold technique (with goat anti-porcine IgG-Aulr) almost failed to reveal the immunoglobulin content of colostrum (Table 1) .
Between the two-step methods, the highest labeling densities were obtained with rabbit antisera against porcine IgG and the appropriate immunogold probe (goat anti-rabbit IgG-Aulo).
The highest intensity of labeling was obtained with the SBBG method irrespective of the primary antibodies used ( Table 1) . The density of labeling with either biotinylated rabbit or goat antiporcine IgG was significantly higher (p<O.OOl) than the density resulting from any other labeling technique. The intensity of the K~M~TVES, HEATH Streptavidin followed by bBSA-Aulo Streptavidin followed by bBSA-Aulo
Valucs arc exprcsscd as mcan density z SD.
Statistical significance (vs the SBBG methods using biotinylated rabbit or goat anti-porcine IgG. rcspcctively) p<O.OOl Figure 1 . Detection of maternal immunoglobulins with a rabbit anti-porcine IgG followed by goat anti-rabbit IgG-Aula. There is very little labeling over the brush border, whereas endocytotic vesicles (asterisks)l and granules are labeled. There is no labeling, however, over tubular vesicles (arrowheads). Compare the overall labeling pattern with a similar area shown in Figure 2 from the same animal. Original magnification x 30,000. Bar = 1 wm. 
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labeling was also much higher than with any other protocol using rabbit or goat antibodies. When biotinylated rabbit anti-porcine IgG was detected by the goat anti-rabbit IgG reagent, the labeling intensity was similar to that obtained with a non-biotinylated antibody (Table 1) . Therefore, the increase in labeling intensity was due neither to the antibody nor to the effect of biotinylation. Neither the biotinylated antibodies nor the bBSA-Aulo probes showed any nonspecific binding to the luminal content or to the different components of the IgG-accumulative pathway (Table 2) . Streptavidin, however, bound at very low intensity to mitochondria and nucleus and resulted in a very low nonspecific background ( Table  2 ). This low-intensity background labeling due to the nonspecific binding of streptavidin to mitochondria and nucleus was observed even in the jejunum of never-suckled newborn piglets. However, no nonspecific labeling was seen in these animals over the lumen, brush border, or cytoplasmic organelles.
Maternal Immunoglobulin Localization with the SBBG Technique
Our attempt to detect immunoglobulins in LR White-embedded sections with the SBBG technique resulted in a somewhat different pattern of immunolabeling ( Figure 3 ) compared with patterns from other methods. All of the compartments labeled with other methods were positive. The intensity, however, was found to be much higher with the SBBG technique (Tables 1 and 2 ). In addition, porcine IgG (of maternal origin) was seen frequently between the microvilli (Figure 3 and 4) . Areas of the luminal face of the apical plasma membrane and pits and invaginations of the plasma membrane were also labeled (Figure 4) . Gold particles were also distributed over smaller, membrane-bound, electron-dense non-coated vesicles of the ATVS and over the granules (Figure 4) . Only a few gold particles were found over the tubular components of the ATVS (Figures 1, 2, and 4) , however, which suggests that they contained small if any amounts of maternal immunoglobulins. Another significant feature of the SBBG technique (in contrast to what was seen with results from other gold methods) was that the spatial distribution of the gold particles over the labeled structures was uniform, and the gold particles were evenly distributed over the granular content.
Discussion
The Advantages of the SBBG Method
The success of any cytochemical procedure based on an antigen-antibody interaction depends on the following conditions: (a) optimal preservation of antigenicity; (b) efficient recognition of the antigen by antibodies; and (c) efficient detection of the antigen-bound antibodies (3, 34, 35) . When we tried to localize endogenous porcine immunoglobulins in the present study with colloidal gold probes, the first two conditions were not the major limiting factors. Intracellular antigens, including endogenous immunoglobulins, can be detected with epoxy (18, [34] [35] [36] 41) and Lowicryl (8) resins. Furthermore, we were able to detect the accumulation of immunoglobulins of maternal origin in small intestinal enterocytes ofsuckling piglets 1-4 days of age even in Spurr's resin-embedded, osmicated tissues (23) .
Our attempts to detect porcine IgG with a direct gold technique, using a porcine IgG-specific reagent conjugated to gold particles, resulted in extremely low labeling compared with results of the indirect immunogold technique. Although steric hindrance could explain this result, other direct gold techniques (with gold-labeled lectins, for example) are widely used (34) .
Our results show that the avidity of the gold probes to antigenbound antibodies could indeed have a profound influence on the efficiency of immunodetection. We found it important to exploit the extreme high affinity of biotin binding to streptavidin, as first suggested by Bonnar et al. (5) . Different cytochemical and immunohistological methods based on the interaction between biotin and avidin (and other related proteins) are now widely used to detect tissue antigens, lectins, and carbohydrate binding proteins (42) . Light microscopic techniques (the avidin-biotin-peroxidase complex method in particular, using preformed complexes of avidin with biotinylated marker enzymes) are especially popular because of their extremely high sensitivity (20) . Despite the apparent advantages of histochemical methods based on the interaction of avidin with biotin, this system is not used frequently for electron microscopy in conjunction with colloidal gold. Avidin-gold conjugates are not prepared easily and have a tendency towards high nonspecific binding (28, 38) ; streptavidin-gold conjugates, however, are less prone to these problems. In addition, these gold probes appear to be less stable during storage than other gold reagents (such as antibody-gold or protein A-gold); the proteins dissociate from the gold particles leading to the instability of the colloid, the level of labeling is low, and there are difficulties in reciprocating the labeling. We found, however, that when we modified the preparation of the bBSA-Aulo reagent according to Geoghegan (12) , and used the method of Bonnar et al. ( 5 ) , these problems were overcome and we achieved an amplified antigen detection. The use of the SBBG method not only resulted in higher labeling density over compartments (such as porcine IgG-containing granules) detected by immunogold techniques but also helped to identify intracellular compartments that contained antigen which other colloidal gold techniques failed to reveal. Therefore, the SBBG method, despite its disadvantages (e.g., the requirement of more steps, longer incubation time, additional washing steps) can be a useful technique, especially in cases when the biotinylated immunoreagents are easily available.
The Pathway of Maternal Immunoglobulin Uptake and Accumulation in the Jejunam of Suckling Newborn Piglets
The use of the SBBG method revealed the compartments involved in the early steps of the accumulative pathway of maternal immunoglobulin uptake. We were able to identify the following steps of this process: (a) passage of immunoglobulins between the microvilli; (b) binding to the apical areas of the plasma membrane; (c) accumulation in invaginations of the plasma membrane, then in non-coated vesicles (where the immunoglobulins appear not to be membrane bound); and (d) storage in granules in the apical cytoplasm. The uptake of maternal immunoglobulins is very effi-cient; the labeling density over the endocytotic vesicle population is almost as high as that in the lumen, 1181 and 1066 gold particles/pm*, respectively ( Table 2) . The apical granule population is further enriched in maternal immunoglobulins (Tible 2), indicating the existence of some sorting mechanisms during the transfer of IgG into this compartment. All of these observations underline the importance of these components of the ATVMS in the accumulation of immunoglobulins (and possibly other macromolecules as well) taken up from colostrum.
The presence of the ATVMS is characteristic of enterocytes in many suckling animals (1,2,11,14,17,24,31,32,33) . In suckling rat ileum, the ATVMS is distinguished from other endomembrane systems by the presence of "endotubin," an approximately 60,000 MW integral membrane glycoprotein, identified by a monoclonal antibody (43) . Earlier studies from the laboratories of Neutra (11,14) and Rodewald (1,31,32) , using markers such as ferritin, horseradish peroxidase, or HRP-immunoglobulin conjugates, showed that the ATVMS is an endocytotic compartment involved in the sorting of different ligands. All of those studies, however, used exogenous tracers. Our study shows that not only those tracers but indeed the endogenous ligands (i.e., IgG from colostrum) are localized in the non-coated vesicular compartment of the ATVMS. Our study also shows that not all of the components of the ATVMS participate in the endocytotic uptake. We found no labeling over most of the tubular vesicles of the ATVMS, even when we used the most sensitive SBBG method. This observation supports the conclusions of Hatae et al. (17), who suggested that the tubular components of the ATVMS are involved in the recycling of membranes rather than in the uptake of macromolecules.
Although we used the SBBG method and found maternal IgG localized on the areas of the apical plasma membrane between the microvilli, our observations do not necessarily prove the existence of IgG receptors on the plasma membrane. The labeling pattern over the pits and invaginations of the plasma membrane, however, suggested that the uptake of IgG was receptor mediated. Receptormediated uptake of different ligands usually occurs in coated pits and vesicles (40), although we found no IgG-containing coated vesicles in the apical area of jejunal enterocytes. Hansen et al. (16) and van Deurs and coworkers (39) have shown that some ligands bound to cell surface receptors (e.g., ricin, ConA) enter the cells in noncoated vesicles. In rats, Fc receptors are localized in a similar vesicle population both in the newborn intestine ( 4 ) and in the fetal yolk sac (30) . In macrophages and lymphocytes, however, Fc receptors accumulate in clathrin-coated pits and vesicles (40) . The Fc receptors are internalized via clathrin-coated vesicles even in receptor-negative cells after transfection (19, 27) . Despite the reports of intestinal Fc receptors mediating the uptake of maternal IgG in newborn rodents (2,4,33) , this receptor function has not been proven for newborn piglets (or for other ungulates). Although one may interpret our observations to suggest membrane receptor involvement in the uptake and accumulation of maternal IgG, the existence of such receptors has yet to be determined.
